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Alloy design strategy 
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/4/10/eaat8712/DC1) Movie S1 (.mp4 format). During the initial deformation, dislocations were first generated in the γ matrix, and as the displacement increased, dislocations sheared the hierarchical γ′ and γ* precipitates.
Alloy design strategy
In the present work, we designed the (1) In summary, the strategy can be summarized as follows: (1) Initially, we selected a single-phase fcc MEA as the prototype alloy, and the Al and Ti elements are both introduced into the prototype alloy; (2) The empirical conditions of Ω≥1.1 and δ≤6.6% should be satisfied at a minimum with the aim to control the addition concentrations of Al and Ti; (3) Meanwhile, Ω should approach the threshold value of 1.1 in an attempt to develop an alloy with beneficial secondary phases. Table S1 ). This explains the observation of the (γ+γ'+γ*) three phase region in the as-fabricated microstructure. The composition of the γ* phase is rich in Fe with a composition of 
